Aims Pregnancy is a phenomenon associated with dynamic changes in physical, mental and biochemical status of body and demands increased nutritional intake for developing foetus. The level of various micronutrients which act as cofactors for antioxidant enzymes or it-self as antioxidants gets altered with the progression of pregnancy. The present longitudinal study summarized the trend of selected micronutrients level in anaemic (AP) and non-anaemic primigravida (NAP) supplemented with daily and weekly oral iron folic acid (IFA) tablet during pregnancy and postpartum. Methods A total of 200 primigravida {N = 100; NAP (Hb [ 11 g/dl) and N = 100 AP (Hb = 8-11 g/dl) assigned daily (N = 50) and weekly (N = 50) supplementation} were recruited and overnight fasting blood samples were withdrawn at 13-16 weeks, after 3 months and 6 weeks postpartum. The serum iron, copper, zinc, magnesium and manganese were estimated by inductively coupled plasma-atomic emission spectrophotometer. Results Serum manganese (p \ 0.05) at baseline and magnesium (p \ 0.01) at postpartum was significantly different between NAP and AP supplemented with daily IFA tablets. The trend of copper found to be increased during pregnancy and later declined at postpartum in both the groups. Daily supplementation resulted in significantly high iron (p \ 0.05) in NAP during third trimester. Conclusions Hypozincemia and hypomagnesemia was observed in anaemic pregnancy supplemented with weekly and daily IFA respectively. Clear evidence of altered micronutrients levels during healthy and anaemic pregnancy was seen. The reference values may be drawn from this study for the nutritional assessment during pregnancy for healthy pregnancy outcomes. Trial Registration Clinical Trial Registry-India, http://ctri. nic.in, CTRI/2014/10/005135.
Introduction
Pregnancy is a period of physiological changes in women's body which take place in response to meet the increasing metabolic demands of growing foetus [1] . The deficiency of micronutrients often co-exists and the deficiency of copper, zinc and manganese can lead to poor pregnancy outcomes like preeclampsia [2] and foetal growth restriction [3] . Thus, an intricate balance between various essential micronutrients is vital for growth and development of foetus and well-being of the mothers.
The deficiency of micronutrients can disturb the growth, cognition, reproductive performance and also may lead to mortality and morbidity in new born [4] . Although, the multiple micronutrients deficiency related to intake of poor nutritious diet during pregnancy have been studied; but iron deficiency is most extensively investigated [5] . Thus, it is pre-requisite to monitor the level of micronutrients which are involved in maintaining healthy pregnancy. In addition, iron deficiency anaemia, one of the major nutritional deficiencies during pregnancy in developed as well as developing countries [6] is associated with low birth weight, prenatal mortality and increased rates of premature birth [5] . Further, zinc and copper deficiency has been associated with the complications of pregnancy and delivery [7] , childbirth and foetal growth retardation [8] . Although, manganese is one of the least studied micronutrients, scanty and inconclusive data is available on its association with pregnancy complications [9] , an association of manganese deficiency with foetal growth restriction [10] ; and reduced umbilical cord manganese level in neonates born to preeclampsia mothers has been observed [11] . Randomized controlled trials are the best approach for studying the micronutrient supplementation on pregnancy outcome; while most of the trials are largely been done for individual micronutrient/trace elements or minerals. A programme of supplementing multiple micronutrients during pregnancy may be projected based upon the availability of adequate data on micronutrient deficiencies during pregnancy.
Materials and Methods

Subjects
A total of two hundred primigravid women between 13 and 16 weeks gestation were recruited on their first visit to the antenatal clinic at the Outpatient Department of Obstetrics and Gynaecology, All India Institute of Medical Sciences (AIIMS), New Delhi. On the basis of Hb values, they were grouped into non-anaemic (11.0 B Hb C 13.0; n = 100) and anaemic group (8.0 B Hb C 11.0 g/dl; n = 100). The inclusion criteria included primigravid status of age 19-30 years having Hb range 8.0-13.0 g/dl; body mass index (BMI) ranged 18-22, belonging to middle socioeconomic status according to Kuppuswami's scale for socio-economic status. Exclusion criteria included history of chronic illness or any metabolic disease like diabetes mellitus, malignancy and heart disease, infectious diseases like tuberculosis, HIV, endocrine disorders or intake of any iron preparation in past three months. After enrolment, 2 ml of overnight fasting blood was drawn at baseline. Likewise, second sample (3 months after first sampling) and third sample (6 weeks postpartum) was obtained in a similar manner.
Randomization
After screening the eligibility and informed consent process, envelopes containing random number slips for 100 pregnant women in daily and 100 pregnant women in weekly arm was prepared at Indian Council of Medical Research and provided to the participating centre. Random numbers was generated in a ratio of 1/1 by means of a customized computer programme. According to the serial number of the enrolled subject, one sealed envelope containing slip with instructions for random allocation was opened for each subject. The enrolled participants were categorized into two groups as follows:
Group-1: pregnant non-anaemic (Hb [ 11 g/dl) women (N = 100) Group-2: pregnant anaemic (Hb = 8-11 g/dl) women (N = 100) Informed consent was obtained from each subject before enrolled into the study.
Study Design
All the enrolled participants (anaemic and non-anaemic pregnant women) were dewormed by giving single dose of Albendazole 400 mg to be consumed at night on the day of enrolment. The enrolled participants were asked to fasting overnight and on the next morning venous blood sample was drawn from anticubital vein in supine position followed by refreshments. Likewise, second sample and third sample was obtained in similar manner.
According to random allocation slip instructions, participants were given either one tablet of FeSO 4 containing 100 mg elemental iron and 500 lg folic acid (Iron folic acid tablet/IFA tablet; Hindustan Antibiotics Ltd.-A govt. of India Enterprises, Pune 411 018, India) till 6 weeks postpartum daily or two IFA tablets weekly till 6 weeks postpartum. Thus, both the groups i.e. group 1 and 2 further subdivided into daily IFA supplementation group (DISG; N = 50) and weekly IFA supplementation group (WISG; N = 50).
Sample Collection
2 ml venous blood was taken from each participant and serum was separated by centrifuging the blood in clot activator tubes at 3000 rpm for 15 min. The different aliquots were prepared and stored in -80°C till further analysis.
Analytical Estimation
The serum was analysed for iron (Fe), copper (Cu), zinc (Zn), magnesium (Mg) and manganese (Mn) by means of inductively coupled plasma-atomic emission spectrophotometer (ICP-AES) (Model JY 2000@2, HORIBA JobinYvon, France). Serum samples were digested using MW800 Microwave digestion system (Aurora instruments Ltd., Vancouver, Canada). The digestion procedure was optimized as in application module: digestion time (5 min), sample volume (1 ml), and [4 ml suprapur nitric acid (HNO 3 ) (65%) and 1 mL hydrogen peroxide (20%) (Merck Chemicals, India)].
The digested serum samples were subjected for the analysis of iron (Fe 259.940 nm), copper (Cu 324.754 nm), zinc (Zn 213.856 nm), magnesium (Mg 279.553 nm) and manganese (Mn 257.610 nm) to ICP-AES. ICP grade multi-element standard solution containing 1000 mg/L of 23 elements in 1 mol/L HNO 3 (Product no. 1. 11355. 0100, Batch no. HC081563, Merck Chemicals, Germany) was used as reference standard. Pooled serum samples were used as biological material for the purpose of internal quality control.
Instrument parameters operating condition was power (1200 W), nebulizer flow rate (0.78 L/min), pump speed 15(rates/min), nebulizer pressure 2.39(bar) dual detector and sweep/reading of 3, reading/replicate of 3, dwell time (5 s), and integration time (10 s). Wavelength was selected from a predefined set for each trace element using the ICP software version 5.2. The blank solution was run for background correction. For calibration curves, the standard solution was diluted step-wise with 5% suprapur HNO 3 in the concentration range of 5-100 ppb. The linearity of the calibration curves was considered to be good (correlation coefficient, r C 0.993). The limit of detection (LOD), as described in the manufacturer's instrument manual was used for calculations.
Statistical Analysis
Data was analysed using SPSS for windows (Version 20.0) and the results were expressed as mean ± SE. Mean values were compared between the two groups using the student's unpaired t test and within the same group using paired t test. Correlation study was performed by calculating Pearson coefficient of correlation. Differences were considered to be statistically significant at an error probability of less than 0.05 (p \ 0.05).
Results
Daily IFA Supplementation Groups Table 1 depicts non-significant difference between nonanaemic and anaemic pregnancy in all the studied trace elements except Mn that showed statistically significant difference at baseline (61.71 ± 5.55 vs. 95.47 ± 9.30; 95% CI -54.50 to -13.02; p \ 0.01) and postpartum (76.14 ± 7.56 vs. 113.9 ± 12.05; 95% CI -65.06 to -10.48; p \ 0.01). The mineral Mg level was also significantly high in NAP as compared to AP (18.70 ± 0.98 vs. 13.04; 95% CI 261.3-870.3; p \ 0.001). Low level of serum Mg (hypomagnesemia) less than 15 mg/l was observed in AP at postpartum. The serum level of Fe, Cu and Zn were non-significant between the two groups. However, during the progression of pregnancy i.e. from second to third trimester the serum level of Fe, Cu and Mn increased significantly (p \ 0.001 and p \ 0.05) in NAP. The increased level of Cu and Mn remained significant (p \ 0.01 and p \ 0.05) till postpartum when compared to second visit. The Serum level of Zn and Mg did not showed much change when compared during studied intervals in NAP ( Table 1 ). The serum level of Fe found positively correlated with serum Cu at postpartum (p \ 0.0001), serum Zn at second visit and postpartum (p \ 0.05), serum Mg throughout the pregnancy and postpartum (p \ 0.0001) and negatively correlated with serum Mn insignificant in NAP (Table 2) .
In AP; however, only serum Cu increased significantly (p \ 0.001) at second visit as compared to baseline and decreased significantly (p \ 0.0001) at postpartum when compared to second visit. Rest all the studied parameters viz. Fe, Zn, Mn and Mg were found non-significant at studied intervals except Mn where serum level declined significantly (p \ 0.05) at postpartum (Table 1 ). Hypozincemia at baseline was observed in AP women supplemented with daily IFA tablets. The positive correlation between serum Fe and Zn was found statistically significant (p \ 0.0001) at second visit in AP supplemented with daily IFA tablets. Further, serum Fe was also positively correlated with serum Mg levels (p \ 0.05) at all studied intervals (Table 2) .
Weekly IFA Supplementation Group
There was non-significant difference observed in all the studied micronutrients when compared between NAP and AP (Table 1) . Zn deficiency defined by serum Zn concentration \13.8 lmol/l (90.19 lg/dl) was observed at second trimester and postpartum in NAP supplemented with weekly IFA tablets. Serum level of Cu was significantly increased in NAP during third trimester of pregnancy (p \ 0.01). However, serum Cu found significantly declined at postpartum (p \ 0.001) along with serum Mn (p \ 0.01) in NAP ( Table 1 ). The correlation study revealed statistical significant positive correlation between serum Fe and serum Cu, Zn and Mg at baseline (p \ 0.05) and second visit (p \ 0.0001) in NAP supplemented with weekly IFA tablets ( Table 2 ).
In AP, the level of most of the micronutrients did not changed significantly during pregnancy; albeit only, serum level of Cu was found significantly declined at postpartum (p \ 0.001) when compared to the second visit (Table 1) . Apart from this, hypozincemia was observed in AP at postpartum. In AP supplemented with weekly IFA, serum Fe found positively correlated with serum Mg at baseline and postpartum (p \ 0.05); whereas, negatively correlated with serum Mn at all intervals but this correlation found statistically significant only at postpartum (p \ 0.05).
Daily Versus Weekly IFA Supplementation
The effect of daily and weekly IFA tablet supplementation on serum level of Fe, Cu, Zn, Mg, Mn was evaluated in NAP and AP women. The results revealed insignificant difference in levels of all the micronutrients except Fe at second visit (p \ 0.05) in NAP women. Apart from this, serum Mn level was also found significantly different at postpartum (p \ 0.05) in AP women (Table 1) .
Discussion
The present study comprised primigravida with similar age group, BMI ranged 18-22 kg/m 2 , belonging to middle socio-economic status non-anaemic and anaemic pregnant women. The levels of Fe, Cu and Mn in serum increased progressively in NAP; whereas profound increase was seen only in serum Cu levels in case of AP women supplemented with daily IFA tablets. These differences in micronutrients levels between NAP and AP might be the result of poor dietary habits and less nutrients intake which could lead to altered micronutrient levels in women who had anaemia during pregnancy. The significant rise in Cu levels in anaemic pregnant women corroborate with the results obtained by Ghosh et al. [12] except that the increase in Cu level was less profound in non-anaemic pregnant women in their study; however, a significant rise was observed in NAP women supplemented with daily IFA tablets in present study. This increase in Cu level during pregnancy is due to increase in the carrier protein ceruloplasmin in response to stimulation by elevated estrogen This difference might be due to the analytical procedure adopted, using less sensitive instrument or less intake of Mn rich diet by the subjects. Mena et al. [16] has reported higher blood Mn levels in manganese miners and anaemic subjects, which is in relation with the results obtained in present study where significantly high Mn levels were observed in AP women compared to NAP women. Serum Fe levels both in daily or weekly IFA supplementation group, irrespective of anaemic status was found positively correlated significantly with Mg levels during pregnancy and postpartum. Statistically positive correlation between serum Fe and Cu was observed during pregnancy and postpartum in NAP supplemented with weekly and daily IFA tablets respectively. However, serum Fe and Zn was positively correlated at most of the studied intervals in NAP supplemented with daily or weekly IFA tablets; and in AP supplemented with daily IFA tablet only at second visit (Table 2 ). These correlations between the trace elements revealed the possible association between them and also confirm the interaction during the progression of pregnancy. This is noteworthy that weekly IFA supplementation developed hypozincemia both in AP and NAP women. Low serum level of Zn in anaemic pregnant women has also been reported in previous studies [12] . Although, low baseline level of Zn in AP women was also observed; but it was recovered after supplementing them with daily IFA tablets. The serum Zn levels were marginally decreased during the pregnancy in present finding, which is in accordance with earlier studies where Zn level declined during pregnancy, but the difference was statistically nonsignificant [14, [17] [18] [19] . Since, fetal demands for various trace elements increase as gestation increases and plasma volume expands; this results in the decreased levels of trace elements. Interactions between different trace elements are well known; and high concentration of iron can interfere with zinc uptake and copper absorption. These elements are more likely to interact with each other when given as supplement and the outcomes may also vary greatly [20] . Serum Mg levels were stable during pregnancy with the exception that daily IFA supplementation in anaemic pregnancy showed hypomagnesemia at postpartum. Further, serum Mg was below the normal reference range (18.0-29.0 mg/l) at baseline, which was continued in AP supplemented with daily IFA tablets. Low levels of Mg reported to be associated with hemodilution, increased requirement of Mg demands by the growing fetus and also increased renal clearance [21] [22] [23] .
The limitation of the study is that there are various factors like vitamin A, folate and riboflavin deficiency and iron deficiency which is most commonly associated with anaemia during pregnancy along with other confounders viz. genetic factors, nutritional deficiencies, repeated pregnancies, bioavailability of iron tablets, burden of infectious diseases and malaria during pregnancy [24] . In the present study, however a few of them viz. Vitamin A, vitamin B12 and folate levels were not studied; yet most of the confounders tried to be ruled out by (1) deworming the subjects with Albendazole tablet before enrolling into the study; thus, the subjects were assumed to be free from infections like hookworm infection etc. (2) maintaining the uniformity of iron supplementation by providing the iron folic acid tablets in the form of ferrous sulphate ? folic acid (IFA) to each study participant. The participants were asked to adhere with the supplied IFA tablets as there are numerous combinations of iron tablets viz. ferrous sulphate, ferrous fumarate, ferrous ascorbate, ferrous citrate etc. are available in the market and each one is having varying bioavailability and compliance. The tablets were manufactured from Hindustan Antibiotics Ltd.-A govt. of India Enterprises, Pune, India to maintain the homogeneity about the type of iron supplement consumed by subjects (3) excluding the participants having pregnancy related complications such as repeated pregnancy, history of infections, symptoms of any co-morbidity and parity, which contributes for anaemia during pregnancy [25] . These would aid in minimizing the factors from the list of confounders responsible for anaemia during pregnancy and altered micronutrient levels.
The present study has several advantages over previous studies that examined micronutrient status during pregnancy. Some of them assessed micronutrients levels either in healthy pregnancy or in anaemic pregnancy [12, 26] , some have reported differences in micronutrient levels between anaemic and non-anaemic pregnant women [25] and very few [14] have analysed the micronutrient levels during pregnancy and postpartum in longitudinal manner. However, all these published information can be gathered from the present finding as it is comprehensively designed parallel group randomised longitudinal study, comparing micronutrient status in anaemic and non-anaemic pregnant women at different time intervals of pregnancy and postpartum; and also compared the effect of IFA supplementation in daily or weekly schedule between NAP and AP women. This is the first report on micronutrient profile of North Indian anaemic and non-anaemic primigravida pregnant women as no information is available according to our knowledge. Furthermore, apart from having a large sample size, a wide range of micronutrients was examined simultaneously in homogenous population, allowing estimation of the extent of maternal micronutrient states throughout the pregnancy as well as post-delivery. Various studies have documented the role of trace elements deficiency in developing anaemia during pregnancy [12, 25] . However; Bhutta et al. [27] reported that there is no effect of multiple micronutrient supplementation as compared to IFA supplementation on maternal anaemia. Considering the fact that enrolled participants were age matched, with middle socioeconomic status, similar BMI and supplemented IFA tablets of same pharmacological ingredients throughout the pregnancy and postpartum to maintain the homogeneity. Thus, the results of the present study also have the potential to provide reference values for assessing nutritional status.
Conclusions
The present study gives clear evidence that all the studied trace elements are altered visibly but statistically non-significantly except Mn and Fe during different stages of normal and anaemic pregnancy. This data may be treated as reference range of micronutrients in mild anaemic and nonanaemic pregnant women which will be helpful in assessing the health status of pregnant women with socioeconomic and racial background similar to those of our study participants and give treatments to them promptly.
Informed consent Awritten informed consent was obtained from all study participants included in the study.
